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CONJUGATES COMPRISING TWO ACTIVE AGENTS 

Field of the Invention 

TMs invendon rdates to phannaceuticd conjugates, m 
two active agents, and to their production and use. 
5 Backbond of the Invention 

Pharmaceutical conjugates and their production are described in WO 98/173 19. 
In particular, conjugates of albumin microparticles linked by means of a spacer to aRGD 
peptide, such as fibrinogen, are described. Their production depends on the presence of 
funcdonal SH groups on albumin. It is also proposed that Factor VHI may be bound, 
10 e.g. as a second active agent, for use in treating haemophilia. Binding may be chemical 
or by adsorption. 
Summarv of the Invention 

The present invention is based on the utility of such earners ha^g further 
functional groups, such as NHj and COOH groups present on proteins, to provide a site 
IS for linking a difierent or additional, second active agent. The function of each active 
agent may be retained after binding to the carrier. The invention is of particular value in 
connection with active components that cannot readily be adsorbed onto the carrier. 

In a particularly preferred embodiment of the inv^tion, respective active agents 
bound to an albumin microcapsule are fibrinogen and another glycoprotein such as Factor 
20 Vm. Such products may have utility because one active agent is effective at the site of 
action and the other acts as a targeting agent. 

The present invention also provides novel conjugates, obtained as intermediates 
in preparing the products having two bound active agents, in which a glycoprotein such 
as Factor Vni is bound and the carrier has free SH groups. These conjugates may also 
25 have therapeutic utifi^. 

Brief Descriotion of the Drawing 

An embodiment of the invention is illustrated schematically in the accompanying 
drawing. The drawing shows four steps which are, respectively: (i) activation with EDC 
of COOH groups on a nucrocapsule also having SH groups on its surface; (n) the use of 
30 a dihydra:dde reagent (in which the hydrazide groins are separated by "spacer'^ to 
provide free hydrazine groups linked to the nucrocqssule via the spacer; (iii) reaction of 
Factor vm (FVin) with the free hydrazide groups, to give bound Factor VHI; and (iv) 
using the unreacted SH groups, the binding of fibrinogen (Fb). Step (iv) may be 
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conducted as described in WO 98/17319 or by means of other linkers, as described 
below. 

The product of step p) is anoiher aspect of tMs invention, Le. containing Factor 
Vm as the sole active agent. The product of step ^v), comprising Factor Vm and 
S fibrinogen, has utility m the treatment of haemophilia. 
Pe^piption of the Invention 

H&eroreachoftheacdveagi^sixu^ the first agent is^ for 

example. Factor VIDL Other suitable compounds mchide Factor other blood fiictors 
indudmg blood coagulation factors, proteins of the coagulation cascade, thrombolytic 
10 agents, antibodies and OpI antitoypsin. 

The second active agent is, for example, fibrinogen. Other smtable compounds 
are RGD-contaimng peptides and fibrinogra Y-diains. 

The active agent may be a p^de (by whidi is meant any peptide, polypepti^ 
protem or coqugate thereoQ or include a peptide portion, e.g. a gl^oprotein. Such 
IS molecules may be finked to microcapsules, via a finker inchicUng a q>acer. More 
specifically, the invendon utilises the fact that a carrier of a protein such as human serum 
albumm (HSA) has free cari>oxyl, amino and thiol groups, with which a bifimctional 
compound can react The biiimctiona] compound preferably has one group selectively 
reactive with the active component to be coxQ^^ 
20 In order to retain acthity, the resjpective spacers may be of defined and/or 

different lengths. Suitable spacer l^gths are 10 to 600 rnn, e.g. 20 to 400 nm. 

The spacer can inchide en2yme-deavable peptides, add or alkafi-labilebonds and 
be of variable length, depending on the requiremiaits of the application. The length of 
the spacer may be another unportant aspect of this invention, as it may determine the 
25 conjugate's abiUty to taiget receptors, sudi as fibrinogen to GPnb/n^ 

By idrtue of the invention, controllable cross-Iinkiiig can be achieved due to the 
spedfidty of one of the Unking groups for the fiinctional group available on carriers such 
as HSA. Controllable cross-Ghking is one important aspect of tite present invention, 
mice it m&y have a £rect bearing on tiie activity of the attadied molecule. 
30 tltis invention provides, btter alia, pure, robust, thempeutically-acceptaUe, 

platdet substitutes. Purity may be embodied in the absence of chenucal cross-linker 
and/or sur&ctant They are suitable for use in the treatment of thrombocytopenia. 

It is an additional feature of the invention that, because fibrinc^gen acts as a 
targeting agent, products of the invention may usefitOy have other bound active agents. 



W099/2S383 



PCT/GB98/03442 



3 

Such agents voll be chosen with regard to the site of action, usually a wound or other 
bleeding locus, and to the nature of the problem that is addressed. 

By providing a combmation o^ say, fibrinogen and Factor Vm, the products of 
the invention may be use&l in the treatment of haemophilia. In addition^ or as an 
5 alternative, to the me of a thrombolytic drug such as urokinase, blood clots may be 
treated by the use of ultrasound. For tlus purpose, air-containing nuoiocapsules are 
espedally suitable as the carrier. 

The carrier that is used in the invention is preferably produced by spmay-drjmg, 
under conditions that allow good control of panide size and size distribution. For 

10 example, the preferred size is up to 6 |im, e.g. 1 to4^m order thatthe particles can 
pass througli capillaries. 

Suitable materials and procedures^ and also methods for stabilising the 
nnm>particles, by heat or by cbenucal at)ss^linldng» are iEulty described in WO*A- 
9218164, WO-A-96158 14 and WO^A»9618388, the contents of v^Mcb are incorporated 

IS heran by reference. As explained in the latter publication, the conditions that are 
described do not affect iunctional groups^ such as the thiol groups in dbumin, wMdi 
therefore remam available for reac^on mth biologjc^ 

The microparticles used in this invention may have the physical characteristics 
described in the two publications identified above; e.g. bdng smooth and q>herical, and 

20 containing ur; In order to obtwi insoluble, cross-linked microc^sules, the spray-dried 
product may be reacted with a diiemical cross-linking agent However, heat and 7- 
irradiation are preferred, and may also sterilise the dry powder products. 

A different bifunctional reagent wiS usually be employed to link the carrier with 
each active agent Each bifunctional compound (say, Y^<-Y--Y^) that is used in the 

25 invention may itself be generated by reaction of simpler compounds Y^-Y^-Y^ and Y^»Y^- 
Y', wherein Y^ is specifically reactive vAfh a fimctional group on the carrier, Y^ and Y^ 
react together so that Y^ and Y^ together are the spacer Y, and Y^ is the agent-reactive 
group. For example^ Y' may be thiol-reactive, particularly if NH2 or COOH functional 
groups have been or are to be used for linking one acdve agent As fUUy described in 

30 WO 98/173 19, the contents of whidi are incorporated by reference, Y* may be I and/or 
Y^ is COOH, as in ICHjCOOH. Such a linker has a fi:€e carboxyiic add which can be 
activated, e.g. using l-eth^-3,3-dimethylaminoprop;^carbodiim}de (EDC), and linked to 
the amine groups on a peptide. The protein plus linker is then incubated with HSA 
microcapsules containing firee thiol groups. 
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Fibrinogen Toay be bound using a conventional bifimcdonal reagent such as a 
pt^aldel^de. Gfyoolalddiyde is prefened. Another example of a spacer is 
sulft>flKManimi<fy» 4^odoaceiyl)aniinobenzoate (v^ch is water-soluble). 

Anotherlinkerthat maybe used is an NHS ester. AnNHS estermaybeibnned 

S bythereacdon between a cari>ox^c add and N^ydros^suodninii 

acarbodiimide. The fonnationofthe active ester must be perfprnoed in a non-aq^ 
envinnunent to prevent hydrolysis of the product. The caibo^imide of chdce is 
therefore the water-insbhible dicyclobexyicaiboimm 

Reaction of the active esto" with a primaiy or sec(Hidaiy amine results m the 

10 fonnationbfa stable amide bond Themaintaiget&nctionalityfortheattadimratoftiie 
ester to proteins is the a-andno terminus and tiie e-anuno groups of ^fstne. 

The sohibifity ofNHS esters reflects the comfitions in i^ch the compounds are 
synthesised as th^ are iiuriy insohible in aqueous media. It is often necessary to dissolve 
the active esta- in a solvent before adding to the anme-cpntdiu^ This 

IS presents difficulties when adding NHS esters to proteins that do not tolerate hig^ 
concentradons of sohrents. In these cases N-hydroxysulfosuccinhnide (sulfo-NHSX a 
reiati^ waiter-soluble altonative to MIS, may be used to create the active ester. 
Sulfo-NHS esters are quite stable m an aqueous environment and hydrolyse much more 
slowly than NHS esters. 

20 ][\,rther,i^dra2ide-containing reagents can be used as <76ssiinlan»a^ 

caibonylgroupsonmolecules. Aldehyde-containingcompoundswillreactspontaneousiy 
with a faydrazide giving rise to a hydrazone linkage, tt'the compound or protein to be 
linked to the liydrazcme linker does not possess any aldehyde SKMps, these m^ be 
created. Carbohydrate molecules ofiE^ the ideal solution and can be converted to 

25 aldehydes vto a mild periodate oxidation of any dsAtydrcxsfi groups. Carboxylic add 
groups may also be reacted with faydrazide compound, but the reaction requires prior 
activation of the caiboi^c add by EDC. Protons contain an abundance of caiboxylic 
add groups, and the particular amino add components that would partidpate in this 
of reaction are die ade-diains of a^aitic and glutamic add residues, 

30 AiKjther type oflinker, typically a heterobifunctiondconoqpc^^ 

Maldmides are the product of a reacdon between maleic anlqrdride and ddier ammonia 
or a primaiy amine compound. The double bond of maldnudes is cq)able of reacting 
widi free sulhydryi groups to form stable thioedier linkages. The optimum pH for this 
aDcylation reaction is between pH 6.5-7.5. 
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It may be preferred not to use EDC. For examph, a prefisrred linker coiiq)Tises 
thecombinationof anKHS ester(seeabove) coupled with a maldnudegrotq). TheNHS 
ester, v^ch would replace EDC, is designed to react \wth free amine groups producing 
stable amide bonds without the need for any activation. This covalently attaches, say, 
5 fibrinogen to the spacer. The maleinude group, >x4itch is iu^i^Sr reactive toward firee 
tidols, reacts specifically with the Qrs34 readue on the microcapsules, oreating a 
thtoether linkage. 

m-Maleinndoboup)4-N'hydroxy8ucctniinide ester (MBS) is a commmially 
available hetero-bifimctional crosslinker that satisfies the requirements for the covalent 

10 nttnT*«"if «t nf fihrinofflffli to HSA microcapsules in a highly controlled manner. The 
oossUnker has an NHS ester separated fiom a maleimide group by benzoic add. A 
typical procedure for its use involves the reaction of fibrinogen with MBS to yield the 
protean as a nialeinude aictivated uitermediate. 

Puiification, e.g. by PEG precipitation, may remove any unreacted MBS before 

IS reacting the protein intennediate vntii the fiee thk>l groiq>s on HSA microcapsules. 
Current analytical tedmiques may then be used to detennine the acthnty of the final 
product. 

The loading of fibrinogen or other active agent may be varied using this 
crossHnking metiwd. The number of firee tiriols avaUable on tiie microcapsules fi>r 
20 binding may be increased and controDed using 2-iminotWolane(Traut!s reagent). Any 
increase in the number of finee thiols would result in an inoeased number of tluoetiier 
linkages formed and, therefore, an increased amount of fibrinogen bound. 

The hydrazide metiiod of oxMsimldng may be applied for the attachment of any 
mmety tiiat possesses a carbolqrdrate fimctionaUty to HSA niicrpcq>8ules. Spedfic 
25 examples indude the y-chairi of fibrinogen, QBIb and Factor Vm. 

Another bifimctional linker that may be used is a dihydraade reagent, e.g. of the 
formula HjN-NH-(CHi)tt-NH-NH2, wherein n is 4 to 20. In a specific e>tample, n is 6 
(adipic add dihydraade, or AADH). Appropriate conditions fiw using it, to provide a 
bound glycoprotein, winbeapparenttotiioseof ordinary skillintheart. Thiscompound 
30 will react readily with aldehyde groups and may be couided to cari>oxj4ic adds via the 
use of carbodiimide activator. 

In order to attach the y-d>ain of fibrinogen to HSA microcapsules, the 
cari)ohydrate dusters located on the 7-chain may have to be subjected to a mild oxidation 
with sodium periodate. This deaves the ds-diol component of the sugar ring, to yield 
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rractivb aldehydes. If the chain is reacted vAih AApH, the final conjugation of the 
intermectiate to HSA miGrocapsdes may involve the coupling of the free end of the 
hydrazide link^ to the microcapsules' carbox^ic add groups. This may reqiure EDC. 
An aliemative method of attachmmt u^g Uie hydraade concept involves a 

5 heterohifuhctiqnal crossHhker. Sudiafinkerpossessesthehydraadefimction^^ 

end and is sq)arated» e.g. from a pyndyltfitfaio group either by a simple 

carbon chain lengthy or a more complex aromatic structure. The hydrazide group reacts 
vnth alddiyde groups on, say, the periodate-treated 7-chain, giving rise to a covaient 
hydrazone Unk. The jpyridyldithiol group participates m a disulfide exchange reaction 

10 mth the free thiol, Cys34, on HSA niicroc^>sules. 

Ilie carbohydrate attachments which contribute to both the beta and ganmrn 
chains v^tfain the fibrinogen structure make ideal sites for crosslinking. Each 
oligosaccharide chain contains eleven monosaccharide units in total, compriang a 
comlnnafion ofN-acet^glucose, mannose, galactose and N-acetyjbieuraminic add (sialic 

IS add) reddues. The carbohydrates are linked througii an asparagine residue on both 
fibrinogen chains. 

A crosslinkir^ ^acer based on the hydrsaide fiinctional group is particulariy 
suitable for the coval^t binding of agents such as gfycoproteins, e.g. fibrinogen or Factor 
Vin, to HSA microcapsules. This may be through the carbohydrate moie^, i.e. 

20 potentially without aflTecting the protdn portion. As a first step, modification of the 
termmal sialic add residue is requhed. Selective pmodate oxidation of the diol present 
in the sugar side diain reimlts in the formation of an active aldehyde. The sodium 
periodate concentration aind the reaction temperature can be controlled to determine 
whether dafic a:dd diols alone are deaved or whetiier oxidation is non-sdective. Furtiier 

25 incubation wtfi a hydrazide fimctional group resets in hydrazone formation. Addition 
of socfiuni cyanoborobydride cwses reduction and stabilisation of the hydrazone bond, 

witiiout the need for EDC. 

3-(2-pyridyIdithio)propionyIhydrazide (PDPH) is a preferred crossUnker of this 
type. It can participate in both hydrazone formation with fibrinogen and a fiw thiol 
30 reaction with HSA miCTOcapsules. Thedisulphidebond ofthehydrazone-derivatised 
fibrinogen breaks and undergoes a free tiriol exchange whh the Q^34 residue on the 
HSA microcapsules to form asecond disulphidebond. This causes the rdease of pyridyl* 
2-dithione, the presence of wWdi can be detected by absorbance at 343nm. 
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As indicated above, products of the invention containing fibrinogen may act at 
the site of tumours. Therefore, they may be used in tumour therapy, e.g. by linkiqg a 
encode agent by the particular method of Has invention or by the methods descnbed 
m WO-A-9618388. Suitable cytotoxic agaits inchide methotrexate, doxorubicin, 
S dq)latin and S-fluorD-2'-deoKyuri(fine. 

Ttif tflTB***"g "f dmgs to tuBKWir cdls may be achieved using products of the 
invention as vdudes reacting directly with the cdb or 
and depoation of fibrin at the site of ceil adhesim. 

Producte of this invention may be loaded vH*h qrtotojdc agrats or a coniWnation 
10 ofcytotoxic and targeting agents. They nuQr then be used to target the disseminated 
tumour cells in the drculatibn, by spedfic interactions with the cell glycoprotein 
receptors (seek and destroy) or by participation in theplatelet aggregation process at the 
site of adhesion. In both cases, the cytotoxic drug is concenUrated at the site of the 
invading tumour cells. 

15 Ahernativdy, tumour aggregation may be mhlMted in the circulatory system, or 

even at the site of adhesion, by coating the tumour ceB surfece witii products of the 
invention, and bloddng tiie sites/mechanisms tiiat activate platelets. This would then 
aUowthebody's natural defence mechanisms to fedfitatetiieremoval ofthetumourceJls. 
Products containing, for example, die GPIb receptor (uAexacts with von 

20 vWDebrandsfiictoOorreceptorsforcbllagenorotherBub-endotiidialmatt^ 

may also be delivered, to potentially blodc die binding sites for tumour cells by coating 
the sub-cndotheUal matrices. Theproduct should stiU aUovr an interaction witii platelets 
at tiie site of a vwnmd, but should also restrict the invasion of vascular wall by any 

immobifised tumour celL 
25 An important advantage oftiie present invention is tiiat the activity of tfie active 

agents (or otiier RGD peptide) can be substantially retained. Hie content of active 
fibrinogen can be determined by ELISA; see WO 98/17319. 

A conjugate of the invention may comprise at least 0.01%. preferably at least 
0.015%, more preferably at least 0.02%. and most prefiaably at least 0.025%, active 
30 glycoprotein. The amount of fibrinogen should not be too great, in order to avoid 
aggregation, e.g. up to 1. 1.5, 2 or 2.5%. Oftiie fibrinogen content, it is desirable tiiat 
at least 50%, preferably at least 70%, more preferably at least 90%, should be active. 
IWs can be determined witii respect to tiie total content of fibrinogen, which again can 
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be measured by method such as EUSA. To^al fibrmogen may also be determined by 
radiO'labelling, e,g. with and coundng, by conventional procedures. 

The fibrinogen may be blood-derived, transgenic or recombinant, full4ength or 
any active fragment thereof. Fragments are disclosed, inier alia^ by CoUer et al^ J. Clin. 
5 Invest 89:546-555 (1992). 

For use as a therapeutic agent, a product of the invention m^ be administered 
as is, or mixed ^th any suitable carrier known to those of ordinary skil in the art. The 
amount of the product adnunistered will be deteranned largely to the severity of the 
wound or other condition to be treated. A typical dosage may be 1 .5 x 10^ microcapsales 
10 per kg body weight 

The following Examples illustrate the invention. 

HSA mimcapsules used in the Examples were prepared by spray-drying and 
were then stabilised by heating, as described in WO-A-96 158 14. Two functional groups 
on the HSA microcapsules were targeted for covalent attachment, namdy amine and iSree 
15 thiol moieties. Specific crossiinkers were chosen for both proteins to utiUse tiiese 
difierent groups. 

The fibrinogen used in the Examples was a fulWength, blood-derived, 
commercial^ available product (SNBTS) that had been doubly virally-inactaved. 
Alphanate® Faaor Vin was obtained fi-pm Grifols UK imd ^ 
20 Aliquots of 1 international unit Factor Vm/ml in distilled ^ter were stored at -20"^: 
until required. 

Factor VDl was attached using l-ethyH,3-dimethjdaminopropyi carbodiimide 
(EDC) and the homobifimctional spacer, adipic acid dihydraade (AADI^. Activation 
of the cart)0)qrl groups on the Factor Vm protein is facilitated by reacting with EDC 

25 prior to the adcUtion of AADH. The fi-ee hydrazide moiety at the remomng end of the 
crossimkerthen reacts with theaminefunctionalities on theHSAmicroc^suIes, releasing 
a urea derivative. Fibrinog» was attached using MBS. 

The assay used for analysis of Factor Vm loading and acti^ty is the Quadratech 
Coatest vm : C/4 Assay kit. The assay utilises the co&ctor capabilities of Factor Vm. 

30 The sUde test assay records the time taken for the final product to react with 

thrombin to form aggregates. The final product (SOpI) was placed onto a microscope 
slideand thrombin (50^1) added. The two were stirred fbr 2 seconds and the time firom 
when aggregates begin to form to when the aggregation ends is recorded. 
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In arq>eat e3q)eriment, the final product was fom 
2SfnM sodium pho^hate buffer pH 7.0. Sample counts were obtained from the Coulter 
Muttidzer and the volume of formulating agent required to give a sample concentration 
ofl500miIUoninicroc2q)sule8permlcalculated« ThesamplewascentrifogedatSSOOrpm 
S 2 minutes and the supernatant decanted prior 
of ifonnuladon bufBsr, 
)Examff|^l 

An aliquot was removed from a 3m|^ml stock solution of MBS in DMF (8^1, 
24ug, 72.5nmoIes) and added to 20mM sodium phosphate pH 7.5 (1867^1). The 
10 solution was nuxed thoroughly and fibrinogen (l2S\i\ of 40mg/ml solution in distilled 
water, H.Snmoles) introduced to make a total reaction volume of 2ml. The mbcture 
was reacted for 30 ndmites at room traiperature with continuous stining. 

Microcapsules (lOOm&lSlSnmoles) w^re sunk in 1% Tween 80 and washed 
twee in distiUed water, once in reaction buffer, 20mM sodium phosphate pH 7.5, p 
IS to reaction, to remove ai^ exdirients. 

The fibrinogen sohjtion was then added to the HSA microcapsules and reacted 
for a furtherSO minutes at room tempttature. After the product had been washed twice 
in reaction buffer to remove any excess unreacted fibrinogen, the supernatant was 
discardedand lUFVffl added (lUFVin in distilled water). Total reaction volume Ind. 
20 The HSA microcapsules were sunk in 1% Tween 80 for 30 minutes and washed twice 
in distilled water and once in 20niM sodium phosphate buffer pH 7.5 prior to addition 
to the respective protein sample. 

A 0. In^ml stock solution of actipic add dil^drazide (AADH) was prepared in 
20mM sodium phosphate pH 7.5. An aliquot (Utd, 1.2ng) was added to buffer (988^1) 
25 to make a total volume of Imi; One unit of Factor VHI was then added. 

A0.02mg/ml EDC solution in the same buffer was prepared by afiquoting 200|d 
of Img/ml solution into 10ml buffer. EDC (41td, 0.82ng, 5 molar equivalents) was then 
introduced to the protein solution and reacted for 4 hours at room temperature, 

Samples containing derivattised FVm were reacted m tiie presence of 
30 microcapsules for 4 hours and derivatised fibrinogen samples 30 minutes irrespective of 

the order of reaction- 
After the reaction time between one protein and HSA microcapsules was 
completed, the sampl e was washed prior to the addition of the second derivatised protdn. 
When fibrinogen was reacted first, the samples were washed twice in buffer and the 
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siipiBrnatant of the final wash decanted before the introduction of derivatised FVni. 
FVin was i^fKl fir^ 

Controls wer6 induded wluch contained one crossUnked protein and 
microcapsules. A sample of fibrinogen (Stnig) in 20niM sodium phosphate buffer (2ml, 
5 2.5 mg/mi pn^dh concentration) was also put through the Quadratedi Coatest assay. 

ResuUsobtainedfix^mtheseexperimentsareshownhiTablel. The concentration 
values are not corrected by the control sampfes. 

Table 1 



Sample 


Slide test 


Formulated 


Concentration. 


Yield /% 




/seconds 


didetest 
/seconds 


/pUnits 




1 Control ] 










Fibiinogen-MBS + 


1-3 


2-15 


(0J2331) 


(23) 


microcapsules 




3-8 


(0.1351) 


(13) 


Coiitnd2 










PVm/AADH/ED 




N/A 


0,2741 


27 


C+ microcapsules 


N/A 


N/A 


0.2589 


26 


Reactim^l 










Fibrinogen-MBS 


1-4 - ■ 


5-lp 


0.1718 


17 


'first 


2-5 


7-21 


0.0765 


8 


Reaction 2 










FVm/AADHmD 


3-7 


11-20 


0.3311 


33 


C&st 


2-4 


14-26 


0.3674 


37 


1 Fibriiiosenonly f WA \ 


N/A i 


0.1253 


" 1 



The slide test acti^ty of Control 1 was compared with the two reaction samples. 

25 It was noted that the addition and reaction of derivatised Factor Vm prior to the 
introduction of fibrinogen resulted in a decrease in activity. This decrease may be due 
to a reduced loading of fibrinogen in the presmce of crosslinked FVm. However^ when 
derivatised fibrinogen was reacted firstly with the microcapsules, no significant change 
in activity was recorded when compared to Control 1 . 

30 The low percentage yield of FVm obtained in Reaction 1 suggests that prior 

reaction ofMBS-fibrinogen with microcapsules appearisto obstruct the loading ofFactor 
ym. This may be a result of excess fibrinogen adsorbing onto the surfiu^e of the HSA 
microci4>sules blocking the crosslinldng sites. 
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When Reaction 2 is compared to Control 2, however, the FVin concentration is 
increased and this may be due to the impurities, such as Factor Vm, Factor Ka or 
Factor Xa» in the fibrmogen starting mat^ial. These impurities would also account for 
the positive activity which was recorded in the fibrinogen-MBS control in which lOo 
5 FVm was present The fibrinogen only sample also gave a positive result under asssy 
conditions which confirms the presence of impurities interfering with concentration 
vahies obtained fiom the assay. 

The results indicate that it is preferable to react FVm derivatised usmg AADH 
and EpC with HSA microcapsules prior to the addition of derivadsed fibrinogen to yield 
10 a filial product whidi retains high acti^nty of both the protdns. 
Example 2 

The methodology described in Example I , in which derivatised Factor Vm was 
reacted prior to addition of derivatised fibrinogen^ was followed. A control was included 
which contained only recombinant fibrinogen reacted with MBS and microc^sules. A 
15 sample of recombinant fibrinogen was also assayed. Results are shown in Table 2; they 
are not corrected by the control vahies. 

Table 2 





1 Sanqple 


Slide Test 
/seconds 


Formulated 
sSdetest 
/seconds 


Concentration 
/liUnitsFVni 


rield/% 




Rfibrinogoi only 


N/A 


N/A 


0.0354 


4 1 


20 


Contnd 












Rfibrmogen/MBS 


3/4-8 


16/17-24 


0.1334 


13 




microcapsules only 












Reaction 












FVra/AADH/ 


5-9 


21-34 


0.3021 


30 


25 


EDCfirst + 
Rfibrinogen/MBS 








• 



Recombmant fibrinogen only resulted in a much smaOer concentration value being 
recorded from the Coatest assay when compared to the SNBTS fibrinogen sample in 
30 Example 1 . This difference can be explained by the absence of impurities in recombinant 
fibrinogen. The increase in concentration of the control sample was unexpected and may 
be due to the HSA microcapsules also having an effect on the assay in the absence of 
Factor Vm. 
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The sfide test acti>nty was less than for products of Example 1. This loss of 
activity may be caused by reduced loading of recombinant fibrinogen under the 
conditions used. It will be evident that modifications may be made, to optimise the final 
pro(faict.acti>aty. 
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1. A phannacwdcal conjugate comprising an insoluble cam 
second acdve agents are bound, respectively via a first Unlcer to a first functional group 
on the canier and via a second linker to a second fimctional group on the carrier. 
5 2. A conjugate according to claim 1, wherem fhe canier is a protein and the 
functional groups are selected fiom SH. NHj and COOR 

3 . A cov^ugate accordng to claim 2, vrtieretn the carrier is human serum albumin. 

4. A coqugate according to ainy preceding claim, wherein thecarrier isinihe form 
ofnucrocapsules. 

10 S« A conjugate according to dither preceding daim, wherein the first agent is a 
glycoproteia 

6. A conjugate accor(ting to dainii 5, wherdn the first agent is Factor Vm. 

7. A conjugate acconfing to claim 5 or claim 6, wh^ein the second agent is 
fibrinogen* 

15 8. Acoqugateaccordingtoanyprececfingdaini, vdiereinthefirstfUnctiona^ 
isNH^orCOOH. 

9. A Goqugate according to any preceding claim, wherein the first iii^^ 
fitim a dilqrdrazide. 

10. A conjugate according to any prececfing daim, wherein the first linker is at least 
20 10 nm long. 

1 1 • Use of a conjugate according to any preceding daun, for the manufecture of a 
mecficament fiir the treatment of a condition at a site in the body of a patient, ijrfierdn one 
of the agents is rffective to treat the condition and the other agent acts as a targeting 
agent to the site. 

25 12. Useaccordingtodaim 11 whcreintheoonditionisbleedin&e.g.haemophi^ 
site is a wound, the one ag€ait is Factor Vm. and the other agent is fibrinogen. 
13. A conjugate of an insoluble carrier and Factor Vm, wherein the carrier has firee 
SH groups. 
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